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Phylogenetic Research Based on Morphological Characters from DUS Test
on Cut Chrysanthemum Cultivars
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Abstract: Eleven multi-variant morphological traits, often used for DUS (Distinctness, Uniformity
and Stability) test, of 42 cultivars of cut chrysanthemum were recorded for cluster analysis in order to
assess their genetic relationships. And also the effectiveness of this method for assessing the genetic
relationship was evaluated, in comparison with the origins and breeding backgrounds of the investigated
cultivars. The results indicated that there existed considerable diversities in the 42 cut chrysanthemum
cultivars considering the recorded DUS testing traits. The cluster analysis based on the morphological data
indicated that the genetic relationships among the investigated cultivars of cut chrysanthemum could be
accurately uncovered using the average pair-wise distances between groups.
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DUS ARSI LA A 03T W Rl 1045 S (Distinctness )« —2U: (Uniformity ) A2 1 (Stability),
2010). DUS WK AIAHISHER to e ] T

HFT R R PR AR (RS &,
WAL ZFEPEM T (Csabaetal., 2010; JHy: 2%,

1t DUS U iAH AR DT T iy

1 MRS

1.1 #5418

2005; FAAA A%,

201>, A LL 42 U esg Ao, SRT4
FAMUNE SORGOR AR, B AN AP SEIET SRR L B TR A SR A

PR SRR P AAE VAL BT HIRZTIC 25 27 A S SARAE 10 “Monalisa” 5 15

ANEANA (F L, KD,

F1 RB@&AM
Table 1 Cultivars of test

A 5 g 1eR fefh,
Background of cultivar Code Cultivar name Type of flower Flower color
5| Ff Introduced cultivar 1 Monalisa Rosy FLHE Anemone disc # Pink

2 Monalisa FL4: Anemone disc 1 White

3 Monalisa Yellow F&4: Anemone disc # Yellow

4 Monalis Cream FEH: Anemone disc Y3 Light yellow

5 Monalisa Currant FE4: Anemone disc F&41 Orange

6 JB X Xu Fengche 183% Spatulate ray floret 41, #X{{% Red, yellow
‘Puma Sunny’ x ‘FE/N[T7 7 Fd &R 7514 Nannong Chifeng FLH: Anemone disc # Yellow
‘Puma Sunny’ x ‘Hanxiaobai’ 8 Fg A< 4% Nannong Jindie ¥E4: Anemone disc ¥ Yellow

9 B34 & Nannong Xuefeng F&4: Anemone disc 4 White

10 A4 1L Nannong Yinshan FLHE Anemone disc 1 White

11 F A< H k£ Nannong Yuegui FCHE Anemone disc 1 White

12 F4& L% Nannong Yupan FLH: Anemone disc 1 White
‘Monalisa Yellow’ x ‘R Ihi)’ 13 R4 A WK Nannong Lifen FLH: Anemone disc ¥ Pink
‘Monalisa Yellow” x ‘Nannong Gongxun’ 14 Fg AN 4T Nannong Lihong FE4: Anemone disc 21 Red

15 AT E Nannong Lixue F&4: Anemone disc 4 White

16 AT A Nannong Yamei FLH: Anemone disc 1 white

17 AR % Nannong Yanzhimei  E4: Anemone disc s AR Pink, white
5|l Introduced cultivar 18 Puma Sunny F&4: Anemone disc # Yellow
A I (E AT Purchase 19 Feeling White /I Double type 2% Green and white
‘Feeling White” x ‘FIR4 40’ 20 Fg A4 1N Nannong Jiali T Double type Lt Purple
‘Feeling White” x ‘Nannong Hongkou’ 21 A4 5 Nannong Hongxing T Double type ¥4t Pink

22 M A% 4% 2 Nannong Zixing I Double type ¥4 Pink and purple

23 A% 44 Nannong Jinding ¥ Double type # Yellow

24 M4 45 Nannong Jinxing /¥ Double type P Orange
MW % (E4MHFD Purchase 25 Dazzler ¥ Single type 4L Red
‘Dazzler’ RARZA A 26 A% EFF Nannong Gongfen Tyl Single type ¥ Pink
‘Dazzler’ natural hybrids 27 AT Nannong Hongfeng 3¢ Single type 2] Red

28 A 2148 Nannong Hongque i Single type 41 Red

29 Fg A 4T 4l Nannong Hongxiu %7 Spatulate ray floret 41 Red

30 F4 & /NI Nannong Xiaoli H3lE Single type . EX White, purple
‘Biarritz 28" R G 31 F A% 4 i Nannong Jinhe il Single type # Yellow
‘Biarritz Zi” natural hybrids
A (EAMEFD Purchase 32 Biarritz Yellow 123% Spatulate ray floret 5% Orange

33 Biarritz Red 75 Spatulate ray floret  F54T Orange red
‘Biarritz £° KRR AR 34 B A<\ % Nannong Fengche 7 Spatulate ray floret  ¥)%¢ Pink, purple
‘Biarritz Zi’ natural hybrids 35 AR X7 Nannong Wufengche 487 Spatulate ray floret  J&4x Golden
5| Ff Introduced cultivar 36 75254t Xiuman Daihua 4655 Spatulate ray floret ¥} Pink
Grand Yellow KR ZLAE G148 37 B AR K5 Nannong Fendie # Spatulate ray floret ¥} Pink
5| % Introduced cultivar 38 Grand Yellow H3lE Single type % Yellow
Mm% (EAMHFD Market purchases 39 %% Shuangsekui Yl Double type 40, XS Red, yellow
WA RIRIAT G 40 R4 Ty Nannong Gongxun T Single type . HM A Purple, white
‘Shuangsekui’ natural hybrids
‘Dazzler” RIRLAZJGHR 41 MR 425 Nannong Zixunzhang 3l Single type F1. 40t White, purple
‘Dazzler’ natural hybrids
M3 (E AR Purchase 42 FE/INF Hanxiaobai 3¢ Single type 4 White
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B 1 e 42 i
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Fig. 1 42 cultivars of test

The codes of cultivars were listed in Table 1.
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AW ST BT A PR O [ B AE AT S AP B Y (Guidelines for the Conduct of Tests for
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Distinctness, Uniformity and Stability Chrysanthemum) Clnternational Union for the Protection of New
Varieties of Plants, 20100 M N RILFIEARLE (2013) (R DUS MRFE rF—246)
A 11 A2 e Gk, Forbe PR 5 AN, AEEIRIR 6 AN (R 2). MR e F Y ) DUS

TR Fi g 2R AT

R2 R WEREKES R

Table 2 Characteristics, corresponding code and diversity index of 42 cutting chrysanthemum cultivar

Characteristics

PEIRF I H G
Type of individual characteristics and it code

Shannon £ F 4L
Shannon’s diversity index

Simpson ZFEPEFR 5L
Simpson’s diversity index

24014 40 Number of
indentations leaf margin

R AR S

Depth of indentations

IH- Vit

Shape of tip on leaf

— AR

Depth of lowest lateral sinus
TIRRAFRE

Depth of second lateral sinus
Gk 30

Layer of ray florets

Tedit e

Type of flower disc
TORAERA

Type of ray florets
ERINIZ1]

Upper surface of ray floret

TORAE S Longitudinal
axis of ray floret

FRAEEE £

Number color of ray floret

(3, B, £ (1
Few (3) , medium (5) , many (7)

% (3, H B, W (D
Shallow (3) , medium (5) , deep (7)

Bige (3), 42 (5), [@AEl (7)
Acute (3) , medium acute (5) , obtuse (7)

% (3, H B, I (D

Shallow (3) , medium (5) , deep (7)
% (3, B, W (D

Shallow (3) , medium (5) , deep (7)
HIE (2, B (3), I (5)

Single (2) , semidouble (3) , double (5)

ke (2), ik (D
Daisy (2) , anemone (3)

SEIE (L), SR (20, R (3)
Ligulate (1) , incurved (2) , spatulate (3)

Wl (D, H (2, 4R (3
Incurving (1) , straight (2) , reflexing (3)

s (2, AkE (3
Ribbed (2) , keeled (3)

1 (D, 22
One (1) , two (2)

1.0635

0.8985

0.9404

0.9366

0.9366

1.0424

0.6749

1.0466

0.6518

0.6668

0.5196

0.6429

0.5227

0.5805

0.5771

0.5771

0.6315

0.4819

0.6349

0.4592

0.3594

0.3367

PL 42 N4 SAE R 43 K500, FE TR SRR 10 AN TSR PR ARRS b A2 f 5K I
PR, SR SEAE B A A ZH Bd %2 (Unweighted pair group method with arithmetic mean,
UPGMA) #7250 7, H] SAS % 9.0 ik (SAS Institute Inc., Cary, NC, USA) HE4TZEIMHT

(R %, 200D, 38 LEBHEIIRIAI SR OC R, IF 5 i Fh SERR R IE A0 & 15 5tk 470 . Shannon
K Simpson £ AEVEFE R EXCEL A iH 6 (FLLIM 48, 2012).,

2 ZER5HT

2.1 mFEIER S S

% 2 Won R 42 MUIES R FPAE AR BISRORH 2R, Mg SRR, &
A Shannon ZEEMEIREER, 2054 1.0635. 1.0466. 1.0424; M-ZiEki%. ToIRFERA, &
A Simpson ZEEPETREBIR A, 4390k 0.6429. 0.6349. 0.6315. Bk 11 D2 etk
TR, iR mE 2.
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F 18 1% Xiuman Daihua —
Grand Yellow
Ri4% 47} Nannong Jinhe
B4 E#% Nannong Yupan
Bife R 1& Nannong Chifeng
Monalisa
Monalisa Rosy
Monalisa Yellow
Monalis Cream 1
4{ Monalisa Currant
Bife41 4 Nannong Hongque
B4 £ X% Nannong Wufengche
| A 4% £L#, Nannong Hongfeng
4{ ' R4 411 Nannong Hongxiu
Bi48Mi £L Nannong Lihong
Bi4%/Nil Nannong Xiaoli
BRI Nannong Zixunzhang ~— —
Dazzler _
Bife)ist Nannong Fendie
e
B4 'E ¥ Nannong Gongfen

4{ Biarritz Yellow
[ Biarritz Red
Hi4X 3 ) Nannong Gongxun 2
WA EE Shuangsekui

4{ Puma Sunny
i X% Nannong Fengche

Bi4Si ) Nannong Lifen

| Bifeffi#F Nannong Yamei
L B4 T % Nannong Lixue
Bife R JE%F Nannong Yanzhimei _
Fecling White —

B4 (£ Nannong Jiali

Bife4 A Nannong Hongxing

B4 A Nannong Zixing 3
Pi4¢4: 2 Nannong Jinxing

| B¢ 40l Nannong Jinding —

/A Hanxiaobai _
Bife4x it Nannong Jindie

4,—: B E & Nannong Xuefeng 4

Bife4R 1] Nannong Yinshan

4% A # Nannong Yuegui —

14 13 12 11 10 09 08 07 06 05 04 03 02 01 0
RATIEE

Average distance between clusters

B2 @A EHatnReEREcRE
Fig. 2 Dendrogram of phylogenetic relation ship of 42 cut chrysanthemum cultivars based on morphological character

22 miERES T
221 FRALAE. fut st ey RN

IRAERI RIS, Tk 42 Bk 4 28 (8 2). 42 ASEFIIAEA PR i . EIAL, 4T
B A AR, 6 NI RIEA YR S IRAE LR 33, JF HAE M A e (AT B [ 1)
an PEE B EEIT o 28 4 JRIN 5 AR 4 ANBUOOFREERL, ME AT, RENTRISEAR SFENE
FENT AR R BRI . CRIRIRIET . ‘Monalisa’ . ‘Monalisa Rosy’ . ‘Monalisa Yellow’ .

‘Monalis Cream’ . ‘Monalisa Currant’ t4b 155 1 M58 1 4RI 2 ZHARIT A s 36 2 RIN5E 2 41

)5 AR AR ‘Puma Sunny’ . CRIARNEE . CRIARARRET . CRIARIRY . CRIAHERE BIOUFEREERY,
SRR A RRINAL HPIAHFTR AR i,

9 METHE AR 5 AN Bl R JBXE . ‘Biarritz Yellow’ . ‘Biarritz Red’ . ‘Fj
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R AP AR 2 2850 12, HAR AANETFMM FRAE" . FMRIENE . ‘MK
Il CHIEEAE AL 18 2 UM L4, AP R SR Mg s, BB,
AL 7 AN SRR 5 AN ERAESE 128, 4rdliE: ‘Grand Yellow’ . ‘RIfR&Ear . RIARZLL
W AR/ R R, LRSI R R TR RTINS SRAEEE 2 K.
A, et s, BAXOK M IR R 2R BT, o MR 5 OO mEE . Ak
NIRRT SR RAEARA B, T E A RFE AL R A R i o SR e R ) B
A A [ SR T R 1) ot PR L 5 30T
2.2.2 AAF| RABMLE AFH F At 69 R

RN CRIRA . CMREET. AL, MAREM YA ‘Feeling White” Fl
FARLA AL AEARREETIK 5 AN TR S HSEA ‘Feeling White” ZAE—K. ‘W
RES FRARIE . R FERTIE . CRARMIL . RAR TR B RN 5 ‘Puma
sunny’ [IZ8AE—AR, EARTFFRP PR MRS . AT . ‘M. MAHE 5
HoEAR ‘FehA B, L ‘MRER Al FRRIE RABERZME .

[f]24 ‘Monalisa Yellow’ x ‘FgAThiy” AR “FERENE . ‘R RINGE:S . “FRETH . ‘M
KRR BRI, HFHERAR MR SR, 0 PR FEE REAN &)
i, HES5HAEAR ‘Monalisa Yellow” [FREE#AE. BB ‘BRI 5 ‘MREME HHEkK
TR & A —2. ‘Monalisa’ . ‘Monalisa Rosy’ . ‘Monalisa Yellow’ . ‘Monalis Cream’ .
‘Monalisa Currant’ . Jy[F]—ZR5 5 A, HAAMER A, 268, AT RAME RS AT 5, A
WA 2, MRS LA S ‘Biarritz Yellow” F1 ‘Biarritz Red’ .

[FI24 ‘Dazzler’ RARZAZGARM FIAERMTE . FREM . BRAW . ‘HRAE . ‘M
REAH . RN 6 ANEE, BRT CRRERT Ab, 5 ANMSIEA ‘Dazzler’ AT
FHIT A E o SRR T WEAZE RIRFAZ SN “Fg R i XUEA2E” R —K.

{HAUE T 255 21 ‘Biarritz Yellow” FiI ‘Biarritz Red” KRS JGACH ‘PR XA . ‘Fg
KA RN AT A BT A . ‘Grand Yellow” 5 RRZAT FACH B A2,

3 g

3.1 mMMERREFER

FACHI SRR RA BRI L, R NS, AR A RAE — >
JRITT, PR RE 1 T IUAE SR R R PR TR AR AR, A B A

R TR — RIRAAT LA 1D B A G ARKE T AN BOZ AL B, 5 R AT RE A2 S A6 5 Jn AR 1
ARFFPRAFE L BB (5K K 45, 20100, SAERIEALT SOt m s, AACE AAs e Ak
W2 B RSO 4%, 20000, AR AR IAZ I8 K, INZ 4GP BN 5 1Bl B Rl e
o b R A AR A LB AN T RE (R4, 2011).
3.2 RESHFTHIERAEIFAIHIKARE

R R, AR IS AN R E T, IR TR A AT, 255
AMERA AT REA B [y B, et FER. MR BRALAE S BEIRAR BA T Ah
FEAL, MBI T4 Hy B2 FER s R RSS2, 19950, S PRAR IAATD AR S 3EAL 2 4] WAt
AEMEPRAMIBEAL PR oA A, DL At DR AR e BBORH PR PR TR A2 I DRI ST AR OB . T T i 7 Rk
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PRIFAE 2B 2208 55, 2009), LR XMMHERETH TG R, NIEHOS S ARG 8K
M R TR PR Y G — T SR PR A, AR A AE PRI ME, BB PHERIBURAE GO
SR, 19950, DUS WA A BT B0 5 1 22 70 T A R P4 WA e S AR URUA R0 I b oA
ETHAE, A2 ZIRET A%, Al etk S B MR, RGN R % 1 IR (Csaba et al.,
2010).

3.3 RMBHUESRENLMREBRFEXRZTRPHER

FE L5 (1995) X 10 b [ B A 4G SR AL A 18 N ARBT AL SRR 35 ANMEASMERA 2 M
WEEIREAT e, W RA G BB AT T R, HIBEEE R KA BN 45 R 5 L 585y 8 45
R RWEr . RERRAE (2009) I TEAHCR ST T 5 J8 KW 5 ) BT A PRI R O R 4T
SE A SCRHE G s AR R A DUS MK ) 10 A2 TTE AR, XF 42 iy Uifes s Rt T
RAEVZFEMERISEZ O RWIIT . BB RELN], XL MR &5 A S e il S22 B (AL, g
W SRR ISR O R I SE . tHutk, R DUS SRR 1 2 SRR T 46 46 i Bl (0 K R
AR AT, BT (BMEH 25, 2008) SiEL CT# 45, 2008) 4328 ik4 B b i
i, nITERFFC DI A RS 208 RIN 45 T 78 0 R AT
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